Abstract. The results of a citrus producer survey regarding adoption trends and attitudes towards
Introduction
Production practices in agriculture are constantly changing and being modified. The introduction of site-specific crop management (SSCM) also known as precision farming can be considered the newest advance in production agriculture and mechanization. The use of multiple technologies and common production practices have opened a new era of "high-tech" farming. The use of soil sampling, yield monitoring, variable-rate applications of herbicide, pesticide and fertilizer, remote sensing, as well as GPS and GIS can be considered precision agriculture.
The purpose of precision agriculture is multifold. First growers are always seeking ways to increase profits by maximizing yield while simultaneously decreasing production costs by limiting input applications. Secondly, producers are becoming more environmentally aware, and as a result of limiting inputs more environmentally friendly practices are implemented. Potentially growers can realize economic benefits by reducing their overall cost of production, likewise the environment benefits, and what appears to be a win-win situation is as a result of simply being able to limit inputs to production. Simply stated, Morgan and Ess (1997) provided the following definition for precision agriculture:
"managing each crop production input…on a site-specific basis to reduce waste, increase profits, and maintain the quality of the environment" Precision agriculture technologies are currently being used in the production of:
• Cereal and grain crops
• Cotton, peanuts and soybean
• Potatoes, tomatoes, and sugar beets
• Forage and grass crops
• Sugarcane and citrus
Florida agriculture consists of what most agriculturists consider specialty or non-traditional crops. This categorization is mostly as a result of the predominance of citrus in the agriculture landscape. In the panhandle and northern end of the state, the production area is composed primarily of soybean, peanuts, tobacco and cotton. The area from just north of Orlando, FL spanning southward is dedicated to winter vegetables and fruit, nursery and horticultural crops; sugarcane and citrus account for the majority of that production area. According to the USDANational Agricultural Statistics Service, in 2002 there were 322,658 ha of commercial citrus in production. Of that total area, 81.4 percent was dedicated to orange production, second was grapefruit production (13.2 percent) and lastly, specialty fruit (e.g. tangerines, tangelos, lemons, limes, etc.) made up the final 5.4 percent (FASS, 2002) .
There is a large potential for the adoption of precision technologies in citrus production. Florida citrus production has experienced a rather volatile trend in cost of production per unit area. The premise behind SSCM technologies, would lend itself perfectly to the production scenario in citrus. If growers were able to limit their input applications, then the cost of production could be maintained at a "manageable" level. Table 1 shows the annual cost of production per hectare for several citrus types. Several studies have shown that the adoption of precision agriculture technologies and practices would be biased towards crops or commodities that are input-intensive (Daberkow, 1997) . Citrus production qualifies as input-intensive. Table 1 . Selected per hectare cost of production for several geographic regions and varieties of citrus (Muraro, et al., 2002a (Muraro, et al., , 2002b (Muraro, et al., , and 2002c 
Objectives
There are several items that need to be identified before additional research regarding precision agriculture in citrus production can proceed. First, what is the current status of precision agriculture adoption in Florida citrus? This study will identify the current trend of adoption for citrus producers in the top 10 counties in the state of Florida. Additionally this study will investigate the current attitudes of adopters versus non-adopters towards technology in general. Lastly, we want to determine what the decision criteria are for technology adoption, if any are being used. The enumerated goals for this research are as follows:
1. Determine what the barriers are for entry/adoption.
2. Quantify the adoption rate based on responses to a survey questionnaire.
3. Identify the demographic characteristics that may describe adopters and non-adopters.
4. Determine if the adoption of precision agriculture technologies is based on "some" demographic factor.
We want to ascertain if technology adoption will follow similar trends to those seen in "traditional" commodities. Finally can we categorize adopters and non-adopters into groups, such as:
• Early-adopters
• Coat-tailors
• Slow-to-adopt
• Do it because its there
Methodology
The primary instrument used to carry out this research was a mail survey questionnaire. The self-administered questionnaire is an efficient and cost-effective way to collect data from a large and often geographically disbursed group (Fowler, 2002) . The first step in any survey-based research is to identify a sample, and then a sample frame. The population we were interested in collecting data from was citrus producers in the state of Florida.
Sample Selection
In previous research (D 'Souza et. al., 1993; Daberkow and McBride, 1998; Khanna, 2001) , it was determined that one of the primary barriers to the adoption of alternative production practices was the scale of the operation. In citrus production, scale can be derived in two different ways. First, scale can simply be a count of planted commercial citrus. Secondly, scale can be stated in the number of trees. Tree density (trees planted per ha), is not a static variable in the Florida citrus industry, so it is difficult to determine tree counts accurately. For example, in the early 1970's, an average tree density for oranges was approximately 198 trees per ha.
As of 2002, tree density was approximately 326 trees per ha. For grapefruit, the densities are estimated to be 180 and 267 trees per ha respectively (FASS, 2002) . As you can see, unless you know the average age of a grove, you can not be certain of the tree density simply based on known industry averages for densities. For this reason, we based the scale determination on production area alone, not tree densities.
In identifying a sample, we selected the top 10 citrus producing counties in the state, based on the area in citrus production. The counties are shown in Table 2 below. The table itemizes each county and their respective percentage of the total citrus production area in the state. In addition to the 10 counties we selected, the number eleven through thirteen counties are provided as well. These last three counties were omitted from the survey sample due to the nature of the ownership in those counties. In Lake County alone, there was an estimated 2000 growers with relatively small ha groves (<4.05 ha per owner). This clientele would inherently be the last group expected to adopt precision technologies based on our assumption of scale as a barrier. A map of the geographic areas that were sampled is provided in the appendix.
By assuming scale to be a barrier to adoption, we then focused on growers who had been identified in the industry as having a certain amount of area dedicated to citrus production. The state's growers association, Florida Citrus Mutual was key in providing information on growers in order to determine the scale of the operation. By using membership records, we segregated small growers from large growers. Since there were issues regarding the membership data, it was determined to be out-of-date and incomplete. We based no assumptions on these records for this reason.
We used a sampling technique referred to as a systematic random sample. This allows for the use of a predefined characteristic, which influenced the selection for sampling, for example geographic location or a demographic characteristic (Fowler, 2002) . In this case, we systematically chose all members who had reported or were known to own/operate citrus in excess of 40.5 ha. This was again based on our assumption of scale being the primary barrier to adoption. In identifying the sample frame, 2,391 growers were determined in the top 10 county sample. By using the membership records, 84 growers were segregated from the total sample that had been identified as having greater than 40.5 hectares. Each one of these 84 growers was selected to receive the questionnaire. The remaining 2,307 growers were randomly chosen by a coin flip. These growers were given a unique numeric identifier, a "head" on the coin flip meant the selection of odd-numbered growers, and vice versa "tale" on the coin flip meant evennumbered. The coin flip resulted in a "tale" so all even-numbered growers were then selected to receive the questionnaire. The final sample frame was narrowed down to all of the 84 "large" growers and the remaining even-numbered growers. This resulted in a mail survey of 1,232 growers. The use of production area as a segregation tool, and then following with a coin flip to randomize the remaining sample resulted in what is referred to as a "systematic random sample" (Fowler, 2002) . The sample frame resulted in selecting more than 50% of the member growers available to us in the top 10 county sample.
Survey Techniques
Using a market-research technique, a unique numeric identifier was given to each of the survey participants, after the randomization exercise. This numeric identifier was affixed as a control number using a self-adhesive label to all correspondence going to the respective participants. As responses were received, the identifier was used not for data association, but simply to remove the participant from future mailings.
Using a mail survey methodology established by D. A. Dillman (Fowler, 2002) , selected participants received a questionnaire in the mail. With the researcher's best judgment, in an additional 7-10 days, a reminder card should follow to all of the non-respondents. Lastly, another 7-10 days after the reminder card is sent, a complete second packet should be sent in an attempt to collect a response. Finally Dillman suggests that if response rates are poor, phone interviews should be used with non-respondents to collect the needed data. At the time of submission for this paper, the second packet had just been mailed 10 days prior. For the purpose of data analysis in this paper, responses were cutoff but will continue to be received and used for future research.
Questionnaire Topics
The primary research question was to identify the adoption rate of technology adoption in Florida citrus production. In order to determine this adoption rate, a response matrix was provided to the participants. The adoption matrix was used to determine by a simple yes or no answer, as to whether the technology was currently in use, and what total area. The matrix collected information about future plans for adoption, or whether or not current usage was to be increased onto additional hectares. Lastly, if the previous response indicated that additional hectares were being added to existing production using precision agriculture technologies, what time frame was that adoption going to occur in?
The technologies investigated in this matrix were:
• Sensor-based variable rate applicators (e.g. -"Tree See")
• Prescription map based variable rate applicators
• Pest scouting and mapping (e.g. -"EntoNet")
• Weed scouting and mapping
• Remote sensing (e.g. -aerial or satellite imagery)
• GPS receiver (e.g. -boundary mapping)
• Soil variability mapping
• Water table monitoring (e.g. -automated irrigation scheduling)
• Harvesting logistics (e.g. -mapping brix, acid and sugar levels to determine peak harvest time)
• Yield monitoring (e.g. -GOAT yield monitoring system) A second matrix was used to determine the cause of negative responses to adoption. Respondents were asked to place a checkmark in fields to identify their attitudes toward each of the respective technologies. The selections provided to the respondents for "NOT Adopting" or "NO PLAN TO Adopt" were:
• Not enough information
• Not profitable
• Lack of capital
• Process/equipment not reliable
• Process/equipment too complex for laborers
• Satisfied with current practices
• Other (please specify)
Additional information was collected for the purpose of establishing demographic profiles for adopters versus non-adopters. These questions will also provide information pertaining to the cost of production estimates for these growers for future research in connection with the profile that is built. These questions included the following:
• Grower demographic information (age, highest education level achieved, and grove management experience)
• Size and type of operation (hectares of: fresh oranges or grapefruit, processed oranges or grapefruit, or "other" citrus)
• Counties and Water Management Districts they operate in
• Types of irrigation used
• Rootstocks of respective citrus varieties as well as average age of the grove
• Personal willingness to adopt technology
• Current use of computer applications (email, internet, financial record keeping, weather networks, GIS, expert decision systems for production management, or none)
• Could they identify the current level of in-grove variability
Results and Discussion
As indicated earlier, the data collection process was halted for the purposes of this paper. The results from the second mailing to the nonrespondents are not included in this analysis and discussion. Questionnaires returned after the publication of this paper will be used for further research.
The analysis of the response rates followed guidelines discussed by Fowler (2002) . The raw response rate was simply the number of returned questionnaires as a percent of the total questionnaires mailed out. Table 3 below illustrates the data. The modified response rate accounted for questionnaires that were returned incomplete for various reasons. Exclusions from the response rate were allowable under certain conditions. These conditions included questionnaires that could not be forwarded, and respondents that refused or declined participation. We also excluded responses from surveys that were returned by a third party marking the respondent as deceased. Lastly we omitted from the response rate growers in the sample that had either sold their production property, or had gone out of business.
To date, 217 questionnaires (17.6% of total mailed) had been received, 161 of those returned were completed. The completed responses accounted for 13.1% of the total mailed. The modified response rate accounting for the exclusions was calculated to be 13.7%. This response rate is fair at best, but our expectation was that the second mailing would obtain additional responses, making our modified response rate more favorable.
A response matrix was used in the questionnaires to identify which technologies were currently being used, as well as planned future usage. Table 4 provides the results from this technology adoption matrix. The respondents were permitted to only provide yes or no responses in this matrix, as well as integer data regarding current or planned production areas using precision technologies. This being the case, the data is presented as a percent of total from the 161 completed questionnaires. Currently the most commonly used precision agriculture technologies are the sensor-based variable rate applicators (18.6% of the completed surveys indicated use) and soil variability mapping (18.0% indicating use). The least commonly used technology was remote sensing data (e. g. aerial or satellite imagery). Its current level of adoption was just greater than four percent. A second response matrix was used to determine reasons for "Not Adopting" precision farming technologies. The results from this matrix can be seen in Table 5 . The respondent was permitted to make multiple selections so the data is represented as frequency data, not a percent of total. By far, the most common response in this matrix was that producers were satisfied with their current production practices, for all of the investigated technologies. The next most common responses were lack of information regarding the respective technologies, and lack of capital in order to make the investment in new technologies. Respondents were also questioned on their "adoption attitude". This was their self-perceived willingness to adopt new technologies. The participants were given the opportunity to select only one of the following responses, seen in Table 6 . The responses are represented as a percent of total from the 161 completed questionnaires.
The largest category, representing 61.5% of the respondents indicated that, "I normally wait to see other's success with new technologies and production methods." This group of respondents would be categorized as "coat-tailors". Approximately twenty percent of the respondents were in the top two adoption attitude categories. They would be classified as "early-adopters". Roughly fourteen percent of the respondents would be classified as "slow-toadopt". Lastly, five percent of the respondents omitted responses to this question.
One interesting caveat to the adoption attitude responses, which has not been fully investigated yet, is that a large proportion (> 50%) of the "coat-tailors" category indicated that they were already using one or more of the precision technologies.
The last section of the questionnaire was dedicated to the demographic profiles of the respondents. These questions investigated the respondents' age, years of experience in the citrus industry, and highest level of education achieved. The highest educational level achieved is represented as a percent of total. The respondent was asked to select only one maximum level. If multiples were chosen, inherently the highest level was chosen during the data entry process as the question had requested. These results are based on 161 completed questionnaires. Approximately 81 percent of the respondents reported having had some college education. Sixteen percent of the respondents reported a high school education or lower. Approximately three percent of the responses were unanswered for this question. Experience in the citrus industry was a key variable we wanted to understand. Ultimately we hope to find a correlation with some demographic characteristic, which will allow us to profile the adopters versus non-adopters. As yet to be determined, is there a correlation between years of experience in the industry, and the willingness to adopt? The average reported years of experience by the 161 respondents, was 32.2 years with a standard deviation of 15.6. The maximum and minimum responses to this question were 85 years and 3 years of experience respectively. Hence there is a great deal of variability in the owners and managers of citrus production areas, with regard to their experience in citrus production.
Likewise, the average age of the respondent was 61.2 years old with a standard deviation of 14.3. The youngest respondent was 24 years old and the oldest was 89. At this point, no correlation has been determined between age and willingness to adopt either. The resulting central tendencies for both age and years of experience are listed in Table 8 below. 
Conclusion
This research set out initially to determine the current adoption rate of the citrus industry with regard to precision agriculture technologies. Secondly, we wanted to discover what attitudes were prevalent regarding the adoption of new technologies and production practices. Lastly, we sought out to profile adopters versus non-adopters by using a combination of their willingness to adopt, their demographic information, and their firm-level data.
As indicated earlier in Table 4 , the most commonly used technologies were the sensor-based variable rate applicators and the soil variability mapping. The least commonly used technology was remote sensing data, and as indicated in open-ended responses this was as a result of the value of the information being far less than the cost to acquire the information.
The most prevalent reason for not adopting new technologies was quite simply that the respondents were satisfied with their current production practices. Anecdotally, "why change it if it already works".
No correlation has been identified between adopters and non-adopters and their demographic data at this time. This research is still on going. Efforts will be made using logit and probit models to determine the adoption trends and their correlation with one of the investigated factors. Continued research will occur after the final mailing has had an opportunity to draw some response, since data entry was halted for the purpose of providing preliminary results of this citrus producer survey.
At best, the citrus industry is moving slowly with regard to adopting new technology and production practices. Daberkow (1997) acknowledged slow adoption trends in other commodities. He suggests that some type of government "support" such as research appropriations, technical assistance, or even a social tax on non-adopters, would be needed to promote the adoption of these technologies. Our participants in this survey backed Daberkow' s observation with open-ended responses identifying the Cooperative Extension Service as a needed source of assistance.
